1978 IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 49, NO. 4, AUGUST 2002

Optimization of Front-End Design in Imaging and
Spectrometry Applications With Room Temperature
Semiconductor Detectors

Lorenzo Fabris and PierFrancesco Manfredi

Abstract—This paper addresses the optimization of front-end a thickness of the gate oxide in the few nanometers region.
design in position sensing, imaging. and high-resolution energy The resulting benefits in analog applications are related to the
dispersive analysis with room temperature semiconductor de- gehievement of better transconductance-to-standing-current

tectors. The focus is on monolithic solutions able to meet the Hi dt duced low-f ise in the ch |
requirements of high functional densities set by multielectrode, ratios and to a reduced low-lrequency noise In the channe

finely segmented detectors. Front-end architectures featuring ad- current [16]-{19].
ditional functions besides charge measurements, as demanded by The progress in the MOSFET processes is modifying the
the need of acquiring and processing multiparametric information - criteria that govern the choice of the front-end element and
associated with the detector signals will be discussed. Noise will be 5 ging the regions of detector capacitances and peaking time
an issue of dominant importance in all the following analysis. The | h the MOSEET outperf d f
advent of CMOS processes featuring submicron gate length and va ue.s. w gre .e ] ou per. orms or un- er per 9fm5
gate oxide thicknesses in the few nanometers region is overturning the silicon junction field-effect transistor (JFET) in low-noise
some of the classical criteria in the choice of the front-end device. applications.
The achievement of the limits in resolution requires a strict When the main goal is the achievement of the limits in
control of the noise contribution from the current amplifier which  yno ngise behavior of a front-end system based on either
ordinarily follows the front-end element in the charge-sensitive ¢ f t th h trol of all the additi |
loop. This aspect becomes more crucial in designing front-end ype 0 compopen » & Tnorougn control o 5_1 € addiona
systems with submicron processes. noise contributions becomes of paramount importance. Some
. . - . of these contributions will be discussed in this paper. For
Index Terms—Capacitive matching, monolithic processes, noise . L o
optimization. instance, the minimization of the contribution added by the
current preamplifier which follows the front-end device in a
charge-sensitive loop becomes an important issue. It might be

. INTRODUCTION argued that such a contribution is a second order effect. If this

HERE are at least four reasons to suggest that the criteéMay be true, it is certainly true, however, that the second-order

T underlying the front-end design should be reconsideregeffects may be the real limitation to the achievement of the

The first reason is related to the growing number of imagintérget noise performances. It should be pointed out that these
applications, requiring a high spatial resolution at high rates afditional noise contributions become more important in a
events. This reflects into the demand for more finely segmentBggamplifier using a submicron input device. It will be shown
pixel and strip detectors, readout by low noise, high-densiﬂ?’W these considerations affect the design of the input device
front-end systems, that in some cases may also be requiredﬁ@'f-
be radiation hard [1]-[8]. The second reason is that several ap-
plications are based upon a time-correlated image buildup so thell. BASIC ARCHITECTURES OF THEFRONT-END SYSTEM
front-end system may be requested to provide accurate timin
features along with a high-resolution spatial definition [9], [10]f‘r

The third reason is connected with front-end systems ie
tended for spectrometry applications. The fourth one is the ne
of assessing the benefits brought about to the front-end des
by the advancement in the monolithic technologies, especia

% front-end system intended to acquire and process signals
om a multielectrode detector has an input analog section which
opsists of as many channels as the incoming signals. Basic
cgﬁmonents of each channel are the front-end amplifier, in most
Les a charge-sensitive loop and the shaper. The further pro-

i f the sh i I h icular fi i
in the MOSFET area [11]-[15]. The most advanced MOSFE ssing of the shaped signal depends on the particular function

feat te lenath of a fracti f : gsystem must implement. Some examples are given in Fig. 1.
processes feature a gate length ot a fraction of a micron anq, 4, simplest case the shaper is followed by a threshold com-

parator, which detects the presence of a signal carrying a charge
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_I CHARGE RESET |_ b 5 To discuss these aspects in more detail, three monolithic tech-
v ot nologies are considered in this section. One is a CMOS process
|| . featuring 0.25:m minimum gate lengthl...;, and an oxide

C % thickness of 5 nm [16], [17]. The other two technologies offer
= Vi a JFET as a front-end element. Of these two technologies, one,

"_TJ=- J\ dock DMILL, is a BICMOS-JFET process whose JFET is P-channel.
from LT, I_ SHAPER[— < 7/ [28]_[30]
detector EtI The second is entirely based on top quality, spectrometry

grade N-channel JFETSs. [31], [32]. The technologies featuring

CHARGE-SENSITIVE LOOP dleaoa] |a/—  complementary MOSFETSs are more flexible and therefore more
SToRacE 1 /py|—  suited for a design requiring a variety of analog and digital
functions.
_|TIMING CHANNEL |_ _ The_noise behavior dictates the choic_e of the front-end de-
vice, either an N or P-channel MOSFET in a CMOS process, N

or P-channel MOSFET or a P-JFET in a DMILL-based design.
The further possibility in the DMILL case, the bipolar transistor
is neglected here, as its use is restricted to very specific, though
Fig. 1. This solution is pursued, for instance, when the centrgi@iportant applications. In some circumstances the noise may
algorithm is realized by analog methods. even drive the choice of the technology, for instance directing
Alternatively, the stored value of the Chal’ge can be Convertﬁ% preference to the process featuring the NJFET as a So|e ac-
into a number and the centroid calculated on the basis of #@ element. In this case the front-end chip will be restricted to
numerical values, case d) in Fig. 1. the preamplification function, all other processing being trans-
A simple way of arriving at a digital evaluation of the inputgrred to a separate CMOS chip.
charge is based on the principle of time-over-threshold (ToT) |, charge measurements, the noise characteristics of the
[24], [25], shown as case b) in Fig. 1. This is a compression-tyRgont-end systems are currently expressed by the equivalent
nonlinear transformation of the amplitude at the shaper outpiffise charge (ENC). The dominant contribution to ENC usually
into a time variable, represented b_y the duration of the Signa'c'i'ntmes from the so-called series or voltage noise, which is
the comparator output. Such duration is converted into anumies sy que to the noise associated with the drain current in the
by classical t.ech.nlques 9f Flme—to-dlgltal COnversion. input device. In the following analysis, this will be considered
As shgyvn InFig. 1, a.t|m|ng chapnel can .be derived from tr]‘aeally to be the only source of noise in the front end. For the
preamplifier output. This feature is becoming more and MOLBke of reference, it is assumed that the cascade connection of

:nmgggiani\rl]\l:rwsﬁ? g;z\(,ng%Iroequitsli(;fetslmS(;(:s?é;eslaiﬁ]?eI::%]n reamplifier and shaper responds to a delta-impulse injected at
Y 9y ' ' Re preamplifier input with a symmetric piecewise parabolic

sional imagers based on time-domain reflectometry have b?v(\?gighting function of peaking time,. The noise coefficients

ined from two-dimensional imagin m iatin oo . .
obtained fro .t.o dimensio al'mag g'syste s by associat ogsuch a weighting function ared; = 1.33 for the series
an accurate timing channel with each pixel. _ .

poise component with frequency dependerite A, = 0.57

The elements highlighted by thicker lines in Fig. 1 const h X : twith f q dént
tute the crucial aspects in the front-end design. The first OF%’ € Series noise component with frequency depen gnce
ndAs; = 0.39 for the series noise component with frequency

is the input circuit in the charge-sensitive preamplifier, whicft - :
determines to a large extent the noise behavior of the chanfgPendencg™=. The ENC is evaluated from the gate referred

This sets the most important limit to the accuracy in both char§BeCtral power densities of the channel current noise given by
measurement and time definition. Focus on this aspect will be(il for @ MOSFET and by (2) for a JFET [41]
Section lll. The second one is the reset circuit in the charge-sen-

Fig. 1. Basic architectures of the analog section in a front-end system.

sitive loop. An excellent analysis of the solutions realizable in Sy(f) =Som + Ky (a=1) Q)
CMOS technology is provided in [26]. The third one is the fe

timing channel. Description of an accurate timing circuit can S(f) =So.s + K_QL 2)
be found in [27]. co

In (1) and (2)Sy »r and Sy ; are the power densities of the
[Il. NOISE OPTIMIZATION IN MONOLITHIC DESIGN series noise with frequency dependerf€en a MOSFET and
in a JFET.K; is the coefficient ofl/ f noise in the MOSFET
and K, is the low-frequency noise parameter in the JFET.

As pointed out in Section I, the evolution in CMOS technolo- In a low noise JFETS, ; can be considered as entirely
gies associated with the device scaling is, if not overturning, celetermined by the channel thermal noise and expressed as
tainly modifying the choice criteria of the front-end element i48/3)k7’/ ¢,, wherey,,, is the transconductance of the devike,
the charge-sensitive loop. In a nutshell, a top quality P-chanm@Boltzmann’s constant arifl the absolute temperatur&y »s
MOSFET may invade a good portion of the region of applicanh MOSFETs contains additional terms besides the channel
tions which was conventionally covered by the JFET. thermal noise and so do& ; in some JFETs belonging to

A. Choice of the Type of Front-End Device
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Fig. 2. Conceptual behavior of th€(f) power density as a function of 10°
frequency. a) N-channel MOSFET belonging to a submicron CMOS monolithic 10° 10' 102 10 10* 105 105 107

process. b) P-channel MOSFET belonging to a submicron CMOS monolithic

process. ¢) N-channel JFET belonging to a classical JFET monolithic process. Frequency [Hz]

. . ig. 3. Frequency dependence of thg (f), S, (f) spectral power densities
JFET-CMOS processes “ke.' for mSta.nce DMILL. Howeveﬁrdevices belonging to differentmonoli(thi)c pro(ce)sses. a) N-channel MOSFET
for the purpose of the following analysis, an adequate appraionging to a CMOS process featurifigi, = 0.25 pem, tox = 5 nm, actual
imation is the one which represen§s »; as 4k7T(1/g,,), 9ate lengthl = 0.5 pm, drain currenf , = 0.5 mA, input capacitance’; =
. . . . ’ . . 6 pF. b) P-channel MOSFET belonging to the same CMOS process as above,
wherel is a coefficient ordinarily of the order of unity, which, ;.4 gate lengtlh, = 0.5 um, drain currenf , = 0.5 mA, input capacitance
however, may become consistently larger than 1 in shdrt = 6 pF. c) N-channel JFET belonging to an all N-JFET monolithic process,

i i i i actual gate lengtlh = 5 um, input capacitancé€’; = 10 pF, drain current
channel MOSFETs operating in strong inversion. = 5 mA. d) P-channel JFET belonging to DMILL BiICMOS JFET process,

. . . . . I
Equations (1) and (2) also highlight the difference in thga gate lengtl. = 1 pm, input capacitanc€’; = 9 pF, drain current
low-frequency noise mechanism of the two types of device. In = 1 mA.

MOSFETSs the low-frequency region of the noise spectrum is
governed byl /f noise [33]. The term which appears in (2) 10 e reduction in the gate oxide thickness and a likely im-

describe the low-frequency noise in a JFET is approximatggd, e ment in the oxide quality have resulted in a substantially
as the tail of a Lorentzian distribution. Such an approximatiqg,, o, 1/f noise in the most advanced MOSFET processes.
is valid for low noise JFETSs in most of practical applicationgy the p-channel features les$f noise than the N-channel
and fails only in devices exposed to a substantial dose QlHSFET as pointed out in Fig. 2. The rati; v /K p

radiation. _ _ _ depends on the process and can vary from a minimum of a few
A conceptual comparison of the relative merits of N ang, its 1o a maximum of about 30

P-channel MOSFETS belonging to the.sam.e process qnd aFhe expressions of ENCare given by (1) for the MOSFET
N-channel JFET, all assumed tp be of identi€alvalues, is “and by (2) for a JFET [41]
provided by the model plots of Fig. 2. The MOSFETSs behavior
is typical of a submicron process with gate oxide thickness in
the 5-nm region. The JFET behaves as a device belonging to a ENC?W =(C} + Ci)2 . [Also,M + ZWKfAQ} (4)
classical low-noise monolithic process with a few micron gate 13
length.

The plots aim at pointing out that, of the three considered de-
vices, the N-channel MOSFET has the smallest high-frequency
noise, while usually the JFET has the best behavior in the

low-frequency region. However, as compared to MOSFETS ofIn the preme:]s equan(r)]ng]D 'S thel_ffsum. of all .oplen-_looph
the previous generations, the new MOSFET processes featcagamtances shunting the preamplifier input, including the
' detector capacitano€’p, the feedback capacitancg in the

r
: . . ; e

a considerable improvement in thelr/f noise governed - . . .
. . rge-sensitive | nd strays. is the in itan f

low-frequency behavior. To understand the reasons for th|scﬂa ge-sensitive loop and strays: is the input capacitance o

should be remembered that the coefficiéfit of 1/f noise in the front-end device. iy . .
The actual power densities of the series noise relevant to
a MOSFET can be expressed as

four devices, all of gate widti¥” in the 2000xm region are

plotted as functions of frequency in Fig. 3. The devices are: an
__ta (3) N-channel and a P-channel MOSFET belonging to the same
(Ci - Cox) CMOS process, featuring a minimum gate lendth;, =

0.25 pm and a gate oxide thicknegs = 5.5 nm, an N-channel

where K, depends on the quality of the gate oxide and on thE¥-ET part of a monolithic low-noise JFET technology and
height of the barrier at the junction Si/SiGnd C, is the the P-channel JFET belonging to the DMILL process. The
gate-to-channel capacitance per unit area. frequency spectra of Fig. 3 were made at equal ratios between

p

Ay S
ENCS =(Ch + C;)* - {lt—o" + KLAgtp} . ()

p
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Fig. 4. ENC versus, plots for the four devices of Fig. 3. a) ENCversust,, ) ) ) )
dependence for the N-MOS. b) ENEversust, dependence for the P-MOS. ¢) Fig- 5. ENC as a function of the peaking timg &) P-MOS,C; = 110 fF,

ENC; versus, dependence for the N-JFET and d) EN@rsus, dependence detector capacitancé’;, = 330 fF. b) N-JFET,C; = 1 pF, detector
for the DMILL P-JFET. capacitance’';y, = 3.3 pF.

drain currentl and gate lengttL. [16], [17], [26], [28]. The throughout the explored interval @f, values. However, also
reason for this assumption can be explained as follows. ~ theé DMILL P-JFET outperforms the MOSFETs at very long
Supposing the devices described by a square-law depBﬁﬁk'”g times. As Fig. 4 points out, there is a crossover point

dence of their drain current on the gate-to-source voltaﬁ,a critical value, in the ENC versus, curves relevant to the
their transconductance, which determines the channel thermiz®nd P-channel MOSFETSs. Considering an N and P-channel

noise is proportional t¢,/L)/2. Therefore, the assumptionMOSFET of equal input capacitance operating at the same

of constant//L serves the purpose of pointing out that Urrent in the same inversion regidf,is given by
reduction in channel length allows a proportional decrease in
drain current to achieve the same transconductance. £ A So,mpP — So,MN . ©)
The relevant ENC versids plots, evaluated under the assump- P 2rAy (Kyn — K p)
tion that each of the four devices is employed as the front-end
element of a charge-sensitive loop with a 1-pF feedback capactt is interesting to show the noise limits achievable now in
itanceC'y, associated with a 20-pF detector are given in Fig. dpplications with detectors of small capacitance. The situations
These values tend to represent the case of a strip detector withsidered here refer to two real detector-front-end combina-
long strips in an application where the preamplifier is required tibns, one relevant to a pixel case, the second one to a silicon
have a short-rise time. It may alternatively represent the casedetector with short strips, 3 cm in length. The matching con-
a spectrometry application with a planar detector of active argion employed in both cases & = C7%,/3, which provides
in the cnt region. The curves of Fig. 4 were obtained by introthe minimum ENC under the constraint of fixed drain current.
ducing the values of the noise parameters determined on the basithe pixel case, Fig. 5(a),s = 330 fF and the detector is
of Fig. 3into (1) and (2). supposed to be associated with a P-MOS front-end element,
The following important conclusions can be drawn fronfeaturingW = 100 ym, L = 0.35 um, C; = 110 fF.
Fig. 4. At short peaking times;, below about 100 ns the Plot b) in the same figure shows the noise limits presently
N-MOS is to be preferred. A5, approaches the js region the achievable with a preamplifier using a small input JFEY &
P-MOS outperforms all the other devices. This is probably thepF) based on the same process as the N-channel device in
most striking consequence of the improvement in the CMOSyg. 3. The detector capacitance in the case of the short strips
area, in the sense that the P-MOS tends to invade the aie@’;, = 3.3 pF.
which used to be restricted to the JFET. The JFETS, by virtueThe noise description based upon the spectral power density
of their superior behavior in the low-frequency region, are stffuch as that of Fig. 3, if useful in characterizing the noise
unsurpassed at peaking times in the;&domain. features of a particular device is of little use in evaluating the
At these peaking time values the gate leakage current irEAIC when a device belonging to a given process is scaled up
JFET does not yet constitute a serious limitation, therefora;, down in W to match the actual detector capacitance. For
spectrometry measurements where the counting rate aspkis purpose it is better to provide the frequency dependence
can be compromised in favor of the highest possible energ/the products
resolution will continue to be based on the JFET. Of the
two JFETs considered in Figs. 3 and 4 the N-cannel device
has better performances than the DMILL P-channel JFET

CiK;
f

CiSm(f) = CiSo i (f) + (7)
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10° T . | T the two devices have high-frequency noise power densities
. NMOS 2000/0.5 pm close in value, the N-JFET has a consistently laigerThis
107 =T oS o000 sim. 7 aspect is clearly pointed out by the curves of Fig. 6.
o ~- DMILL PJFET 2000/1.2 .
5 \ \v\\ e NIFET 1828/5 ym - Besides, the knowledge @f; Sy, (f) andC;S;(f) allows a
o 100 1 \;‘)\\ straightforward determination of the normalized ENC values
g from
100
= AN
a N ENC,,
z 10? 2 1/2 1
2 L
5 [(Cp)? - (m+ 2)]
10! N AlCiSo M 1/2 1/2
=6.25 | —— +2nH; Ay electrong(pF)
100 ! | | | | | b (9)
100 10t 102 10° 104 10° 105 107 ENC;
Frequency [Hz] [(CB)I/Q ) (m + L):|
Fig.6. Frequency dependence of g5, (f) andC; S ;(f) products for the A C.S 1/2
four devices considered in Fig. 3. a) Frequency depender@ey; ( f) for the =6.25 £1%i20,7 + 27 Hy Ast eIectron$(pF)1/2.
N-MOS. b) Frequency dependence(®fS 1 ( f) for the P-MOS. c) Frequency p P
dependence &; S ;(f) for the N-JFET. d) Frequency dependenc€af ; () (10)

for the DMILL P-JFET.

In the previous equations = (C%,/C; ,)*/? is the mismatch
factor in the actual case, that is, as determined by a device with
an input capacitanog; , generally different fronC;, the input

(8) capacitance of the sample device on which the power spectral
density is measured. In (9) and (10), the capacitances are ex-
pressed in pR;.So, v andC;So s in pFx (nV?/Hz) andt,, in

for the MOSFET and

CiKy,
72

CiSy(f) = CiSo,s(f) +

for the JFET. s
The parametersk;, K describing thel/f noise in a .

MOSFET and thel/ f? noise in a JFET are inversely proporg  choice of the Optimum Size of the Front-End Device

tional to C;. This means that in devices belonging to the same

process, featuring the same gate lenbtthe gate-referretl/ f

and1/f? densities reduce as the gate widthis increased. It

is useful, therefore, to introdudé; = C; Ky andHy = C; Ky,

The considerations about the optimum size of the front-end
device, as they are available in the literature, are usually done
under the hypothesis that the noise is determined by the sole

as characteristidy-independent parameter of f noise in a input device. It will be shown in the following that the noise
. P b in the current amplifier which follows the front-end element

2 noise i ‘
MOSFET andl/ f* noise in a JFET. The productSo,(f) in the charge-sensitive loop affects the optimization process

ch:(ﬁioig;’_(f) are i¥-independent if two conditions are metof the input device itself. Therefore, the optimization process

) ) should involve the entire input circuit in the charge-sensitive
a) So is mostly governed by the channel thermal noise;  |oop, which in its simplest version is a cascode. However,
b) scaling inWV" is done at constant current density. as a first step it is useful to review the classical optimization
The previous condition a) is more likely to be met in JFETérocedure, which is named, though improperly, “capacitive
than in MOSFETs. When they are satisfied,5,»/(f) and  matching.” In a preamplifier, where the only noise sources
CiS0,4(f) areW-independent and the noise behavior of all thgre those associated with the main current in the input active
devices belonging to the same process is known from a nojg&ice, the optimum size condition depends on the constraints
spectral measurement done on a single device of known capagider which the scaling of the device is done [34]-[36].
tance. The; Sy (f) andC;S(f) products for the four devices 1) The Scaling is Done Keeping the Linear Current Density
considered in Fig. 3 are plotted in Fig. 6. Ip /W Constant: Thelp /W ratio determines to a large extent
Compared to the plots of Fig. 3, those in Fig. 6 provide @e inversion condition in a MOSFET. Therefore, if the current
normalized description of the noise behavior of an active devigethe device is scaled witl” so that the current density remains
that is C;-independent and, as such, they are more adequegistant, the inversion condition in a MOSFET should remain
to describe the noise behavior of an active device in detecthe same.
applications than the plots of Fig. 3. For instance, from Fig. 3 In this case, it can be reasonably assumed@h&,(f) and
it is difficult to infer why the N-JFET has considerably worse”;S;(f) as given by (7) and (8) are independentVt This
ENC than the P-MOS at short peaking times, as apparentniray be not strictly true in MOSFET circuits, but the resulting
Fig. 4. According to Fig. 3, indeed, the difference in theiinaccuracy is tolerable in most cases. As a consequence of this
high-frequency power densities is small. The true reason foypothesis, the transition frequeney = g¢,,,/C; is a con-
the different ENC behavior at shoff values is that, although stant. The square brackets at the second member of (9) and (10)
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are, accordingly, independent 6% and the condition of min-
imum ENC occurs whe@; = 7, which is the true capacitive - o

(@ P

matching condition.
2) The Scaling is Done Keeping the Drain Currdpt Con- IMJ@
stant: This is the situation where the value of the drain currer
is constrained and must be kept fixedi&sand C; along with V2
it are scaled. By rewriting (1) and (2) in the following way: . .
A I r
r ; Cp Cos
r . C; Qi 2
Of 1O 4kT-(m)A1 l
C; tp
B (11) Fig. 7. Model of charge-sensitive loop.
Crev o on2] [4kT- (S2) A
ENC?, = (Ch +Ci) . (gm) ' + Hp Ast, C. Effect of the Noise in the Current Amplifier Which Follows
L Ci i tp the Input Device

(12) As anticipated, the noise associated with the current amplifier
that follows the input device affects the design of the front-end

_ device itself. To discuss this point, the charge-sensitive loop
and remembering that the terms 2y A, and HyAst,, are shown in Fig. 7 will be considered.

independent of;, their contributions to ENC attaina minimum - ¢ circuitin Fig. 7 is an oversimplified schematic which puts

at the C; value Which minimizes the firs_t _sq_uar_e bracket irﬂnto evidence the input cascode, made of transistorand T,
11 .and' (12), that is(; = C,. The m|n|.m|zat|or! of the g1owed by an ideal buffer. The thicker lines highlight the cir-
contribution due to the channel thermal noise requires that ti&: clements that intervene in signal and noise analysis. The
relationship betweep,, andC; be made explicit. In the case e ¢\ rrent sourcefy.; andZy. have been shown for the sake
ofa 'Y}QOSFET operating in strong inversigp, is proportional ¢ completeness, although they are inessential in this analysis.
to ¢;’" and this results in the condition of minimum ENCrpe 4ctive behavior dF; is described by the voltage-controlled
contribution due to channel thermal noise @ = C%,/3.  cyrrent sourcey,,; Vi, where g, is the transconductance of
Therefore, in a MOSFET operating under the constraint qfl The model of7} is completed by its gate-to-source and
_fixed CL_Jrrent, the value of’;, which minimizes ENQ lies gate-to-drain capacitanc€¥:s and Cep and by its drain-to-
in the interval source dynamic resistaneg;. The current sourcéy; repre-
sents the noise associated with the drain curreffiand the
<O <. (13) noise ofI; is described by the voltage souree The detector
is represented by the current sourgex i(¢) in parallel to the

Its exact value depends on the relative weight of thermal afigPacitanc&’p. An extremely large open-loop gain will be as-
1/ noise in determining ENE,. sumed in the charge-sensitive loop.

i i 2
The same condition of minimum channel thermal noise conf ;I'hh::;)i;neln;n(;[lfrrlﬂsolp tLheeCSﬁaerCt;aslepr?gg\;s(leor‘;ﬂ%}gL/gsf cribed
tribution to ENC:C; = C%,/3 is obtained in the case of a JFETY P 9 P

operating at a current lower that ifgss, being/pss the drain
current at zero gate-to-source voltage. d(V2y)

Ina MOSFET operating in moderate inversion the lower limit df7 =
of inequality (13) is smaller tha6'}, /3 [37].

Ina MOSFET operating in weak inversigp, depends exclu- d(i% 1) 1 gmi-Cap\® d{cd)
sively on/p andisindependent &% andL. Therefore, the con- ' df <a (ChH + Ci)) df
straint set ol fixes the value of;,,. It is therefore advisable
to employ the smallest W which retains the adopted inversiovhereC7, = Cp + C; andC; = Cgs + Cap.
condition at the preset current [26]. The termG = (1/r01) + 9m1Can /(C}, + C;) whose square

3) Further Considerations on the Optimum Size of the Inputultiplies the gate referred spectral density3)/df of T3 is
Device: As a comment to the capacitive matching conditiothe dynamic conductance appearing on the draif;of7 de-

C; = Cp, itis worth pointing out that the condition of devicetermines the impact of the noise ®$ on the total noise at the
scaling at constant current density is not essential. In order tpa¢amplifier output. A first consideration that can be made on
C; = CF, be the condition which minimizes the channel thermahe basis of (14) is that a reduction in the gate lengtbf 77,
noise it is required tha4,,, be proportional ta”;. A typical sit- causes a decrease g, and a related increase @. This is
uation of this type is that of a MOSFET operating in conditionne more reason why deep submicron MOSFETS, that is, de-
of velocity saturation, wherg,,, = CoxW Lus,t /L, vsa, being  vices with L below approximately 0.m are not advisable as
the saturation velocity. front-end elements in charge-sensitive loops.

b

(Cp +C)
972711 ’ 0)2‘

] (14)
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Numerical evaluations show, however, that unless ex- 2000
tremely small values of. are used, the dominant term
iS gm1Can/(Cy + C;), which is due to the capacitive feed-
back aroundl’. To give a numerical example, a PMOS with 1500
W = 2000 ym andZ = 0.35 um would feature at a 30pA
drain current,,, = 6 mS,C; = 4 pF andC¢p = 1.35 pF. Em-
ployed as the front-end device in a charge-sensitive preamplifier
coupled to a detector of 4 pF, that is the condition of capacitive
matching, the value of the terg,,; Cap/(C5, + C;) would
be 1.01 mS. The corresponding resistance, Q98ppears in 500 |- .
parallel tor,;, whose value in this case is 1x8.0* . This
example confirms the previous statement that the dominant
component of7 is the one determined by the capacitive feed- 0 ! ! !
back around . Such a large value @ makes the contribution 0.0 0.5 1.0 1.5 2.0
of 75 to the total ENC nonnegligible, as shown by (15), which cle
refers to the case wheflg and7; are MOSFETSs ip

b) i

1000 |- .

ENC,, [e rms]

~—— — —————

Fig. 8. ENGC, as a function of the rati@’; /C%, in the case ofly and T,
1 A featuring only channel thermal noise. a) Absencg:phoise. b) Presence &%

ENCE, = |4kTT A onk Ay (OO raringonly ) )
gml tp '

1 A
+n?C? {4kTF < ) . t—l + 27rKfA2:| . (15) +V
9m2 D

In (15), Cap has been representeds#S;. The presence of jout ! l Idc 5
the n2C?, besides defining the contribution brought about by |
the noise inl5; to the total ENC has the effect of modifying the T,
choice of the optimum size fdF;. As an example, the case will %
be considered where the noisedin andT; is restricted to the

channel thermal noise for which (15) simplifies into _:r_t_{E

A (O +C)? 1 “
ENC3, = 4kT1“t—1 M +n?C? < m)] (16) Vi T

wherewr = g¢,1/C; is the transition angular frequency of ‘
7). For T} the following values ofw; andn? are assumed: I
wr = 1.5 Grad/s,n? = 0.14 and g,,» made equal to 1 mS. de,3 lldc’l

The same valu€’;, = 21 pF employed in the ENC evaluations L
of Fig. 4 will be utilized here and, assumed to be 100 ns. The -V
dependence of EN{; on the ratioC; /C5, is plotted in Fig. 8 in
both cases of 1) absence and 2) presence of noig in Fig. 9. Active cascode.

In absence of noise due &, ENC;, attains its minimum at
C;/C}, = 1, as expected in the actual situation@f scaling IV. SPECTROMETRYGRADE N-JFET FREAMPLIFIER

at constant current density. In presence of the noise dig,10 g pgrade in noise behavior that characterizes the CMOS
the minimum in ENG, occurs at a consistently smaller valug,scesses of advanced conception has not been accompanied by
in C;/C7,. Besides, owing to the?C? term, ENG, rises more 5 comparable progress in JFET processes. The main reason is
sharply ag”;/C'p, increases beyond the optimum value. Thergnat the monolithic JFET process used to produce the spectrom-
fore, if 7 is designed to meet the matching conditi@yYC},,  etry grade N-channel devices of Figs. 3 and 4 does not allow a
the presence of; noise would degrade ENg to a nonneg- significant shrinking in channel length. This step would be the
ligible extent. If thel/f noise in7} andZ: is considered, a essential in order to increase the transition frequency of the de-
common practice, which consists in choosing a P-channel dgces and therefore improve the ENC behavior at peaking times
vice for7; and an N-channel device f@h has the disadvantagepelow 100 ns.

of a sizeable increase in the term dud f¢f noise, whose con- |t is necessary, however, to point out some peculiar advan-
stantk, is larger in an N-MOS than in a P-MOS. To circumventages of JFETs besides their unsurpassed noise behavior in the
this problem, either the complementary cascode is avoided do@-frequency region. One of them is the possibility of actu-
replaced by a cascode made of two transistors of the same tgfiag a nonresistive charge reset in a JFET by using the forward-
or the active cascode solution of Fig. 9 is pursued, where thiased gate-to-source junction or the drain feedback principle
noise is determined by P-channel MOSFETSs [38]. [39], [40].

P wr Oz
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V. CONCLUSION [15]

The most important aspect in the optimization of the front-
end design in imaging and spectrometry applications witH16!
room temperature semiconductor detectors is connected with
the improvement in the noise characteristics of MOSFETSI17]
Such an improvement is largely determined by the reduction in18
the thickness of the gate oxide in submicron CMOS processes.
A P-channel MOSFET belonging to a technology with a
submicron gate length gate and an oxide thickness in the 5-n
region behaves noisewise better than than a JFET up to peaking
times of several microseconds. To take full advantage of thi&0l
upgrade in the noise characteristics of active devices a carefy
control of the noise due to the current amplifier that follows the
input device in the charge-sensitive loop becomes essential.

(23]
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